dq          dT   .      dv
-         -         -
(159)                          . • . 5 = y, log T + J5 log v + 50
where S0 is the arbitrary constant of integration. Again
•u=*y9T + MO;
. • . f, = M - Ts
= y, 37 + «0 - T(n log T + J3 log « +
(160)                = y, T(l - log T) - £T log t? + w0 -similarly
which when expressed in terms of T and p only becomes
(161)           fp = yPT(l - log T) 4- BTIogp + w0 — T<?0
where the constant 6Q is equal to $0 + S log 5.
It is to be noticed that the expressions for the entropy in terms of pressure and temperature or pressure and volume are
(162)                           s = <yp log T - B log p + *0,
(163)                           s = yv logjp •+ yp log v + I0;
where                   -                        _^                 1
§o = SQ — yv log JD = GQ — Yp log 0.
Finally the thermodynamic potential f^, which is the energy expressed in terms of the volume and entropy, is given (for unit mass) by
(164)                            -                  "-^
123. Case of a gas rushing into a vacuum. Joule's Law, as stated in § 111 was originally proved by the following experiment, due to Joule: Two vessels Vf and T11 were taken, one V1 containing air and the other Vf exhausted. They were connected by a stopcock and immersed in a reservoir of water. On opening the stopcock gas rushed from V{ into Vn till the pressure was equal in the two vessels, and it was found (though later experiments showed the result to be only approximate) that no change of temperature occurred in the water. Hence (a) the temperature of the gas was unaltered, and (b) no heat was absorbed or emitted by the gas, so that no energy either in the form of work or heat passed in or out of the wholethe theory of
